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Description
CLAIM OF PRIORITY

[0001] This patent claims priority to U.S. Patent Appli-
cation No. 16/385,502 filed on April 16, 2019.

TECHNICAL FIELD

[0002] This disclosure relates to producing hydrocar-
bons entrapped in subterranean hydrocarbon reservoirs
through wells.

BACKGROUND

[0003] A subterranean hydrocarbon reservoir includes
asubsurface rock formation or multiple formations or por-
tions of aformation in which hydrocarbons are entrapped.
Such hydrocarbons can be raised to the surface, that is,
produced, through wells formed in the reservoirs. Insome
instances, the hydrocarbons are entrapped in the zones
in the reservoir under formation pressures that are great-
er than ambient pressures. In such instances, the hydro-
carbons can rise to the surface without assistance due
to the formation pressures alone. As the formation pres-
sures decrease over time, secondary or tertiary (en-
hanced oil recovery (EOR)) techniques can be imple-
mented to raise the hydrocarbons to the surface. One
example of secondary technique is injecting water to in-
crease reservoir pressure and mobilize some of the re-
maining oil. Tertiary recovery techniques or EOR in-
volves injecting chemicals, thermal fluids, or gas, for ex-
ample, carbon dioxide (CO,), to improve oil recovery be-
yond what is achieved with the secondary recovery tech-
nique.

[0004] In the recovery technique of using injection
wells, one or more injection wells are formed adjacent
the production well, that is, the well through which the
hydrocarbons are raised to the surface. Fluid is injected
from the surface into the injection well towards the hy-
drocarbon-bearing zone of the reservoir. The flow pa-
rameters through the injection well are controlled to
sweep, that is, push or move, the hydrocarbons in the
hydrocarbon-bearing zone toward the production well,
thereby causing the hydrocarbons to be raised to the
surface. By implementing different hydrocarbon recovery
techniques, the production of hydrocarbons from the sub-
terranean hydrocarbon reservoir can be managed.
[0005] US 4,838,350 describes a method of recovering
hydrocarbons from an underground vertical hydrocarbon
reservoir having a substantial vertical thickness, an oil
saturation relatively near residual oil saturation to gas,
and at least one injection well and one production well
penetrating the reservoir. The method comprises inject-
ing a surfactantsluginto the bottom of the reservoirabove
any water zone or aquifer, and driving the surfactant slug
upwards through the reservoir by the use of some driving
force. The driving force may be supplied by one or more
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of a combination of methods comprising producing the
gas cap of the reservoir, producing hydrocarbons banked
above the surfactant slug, or injecting fluid below the sur-
factant slug.

[0006] US 3,794,114 describes that the flow of liquids
in formations can be controlled by introduction of a gas,
or gases, into the formation and varying the pressure on
the liquid in the formation, which may be an oil and gas
bearing formation, and upon the introduced gas wherein
inter-dispersed gas and liquid globules may be formed
in selected regions of the formation, thus causing capil-
lary blocking to flow of liquids in preselected regions of
the formation.

[0007] US 3,455,389 describes that micellar disper-
sions can be used to produce from subterranean forma-
tions.

[0008] WO 2008/070990 describes that an oilfield res-
ervoir including heavy oil and/or bitumen can be precon-
ditioned prior to production of a petroleum product. A
preconditioning agent can be injected into a mobile water
film included in the oilfield reservoir. The preconditioning
agent preconditions the reservoir prior to production of
the petroleum product.

SUMMARY

[0009] This patent specification describes technolo-
gies relating to dual injection for hydrocarbon reservoir
management.

[0010] The invention is defined in the claims.

[0011] The details of one or more implementations of
the subject matter described in this specification are set
forth in the accompanying drawings and the description
that follows. Other features, aspects, and advantages of
the subject matter will become apparent from the descrip-
tion, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is schematic diagram of an arrangement of
wells in a subterranean hydrocarbon reservoir.

FIG. 2 is a schematic diagram of an arrangement of
wells in a subterranean hydrocarbon reservoir.

FIG. 3 is a flowchart of an example of a process for
recovering hydrocarbons from a subterranean hy-

drocarbon reservoir.

[0013] Like reference numbers and designationsin the
various drawings indicate like elements.

DETAILED DESCRIPTION

[0014] Hydrocarbons can be trapped in one or more
zones of the subterranean hydrocarbon reservoir. Other
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fluids, for example, water, can be trapped in other por-
tions. This disclosure describes a subterranean hydro-
carbon reservoir that includes a hydrocarbon-bearing
zone and a water-bearing zone below the hydrocarbon-
bearing zone. From such a reservoir, hydrocarbons (for
example, oil, natural gas, combinations of them) can be
produced by forming a producing well. EOR techniques
to produce the hydrocarbons can be implemented using
injection wells. To do so, an injectant (for example, water)
is injected into the water-bearing zone to raise the hy-
drocarbons in the hydrocarbon-bearing zone toward a
surface of the subterranean zone. If the water-bearing
zone is weak, then a substantial portion of the injectant
can be lost into the water-bearing zone rather than dis-
placing the hydrocarbons. Such losses can be expensive
and can affect production economics.

[0015] This disclosure describes a peripheral water in-
jection scheme implemented as a waterflood or an EOR
technique to recover hydrocarbons sitting on a weak wa-
ter-bearing zone, that is, an aquifer. The hydrocarbons
and the water are entrapped between two sealed zones,
with the hydrocarbons resting above the water. One or
more production wells extend from the surface into the
hydrocarbon-bearing zone. For each production well,
multiple (for example, two or more) injection wells extend
from the surface into the water-bearing zone below the
hydrocarbon-bearing zone. Thus, for example, if there
are two production wells, then there are four injection
wells. The first injection well (the deep well) extends
deeper into the water-bearing zone than the second in-
jection well (the shallow well). Injectants are flowed into
each injection well. The injection pressure into the deep
well is higher than the injection pressure into the shallow
well. The higher injection pressure creates streamlines
from the deep well toward the hydrocarbon-bearing zone.
Consequently, most, if not all, of the injectant injected
into the shallow well flows towards the hydrocarbon-bear-
ing zone to push the hydrocarbon toward the production
well. A minimal quantity of injectant in the shallow well
might be lost into the water-bearing zone. By implement-
ing this technique, the hydrocarbon recovery is in-
creased, and the injectant-to-oil produced ratio, in the
shallow injector, is decreased due to controlled losses to
the water-bearing zone. This design would minimize the
need to inject volumes of expensive fluids (for example,
surfactants, polymers, carbon dioxide) in the shallower
injectors. Moreover, this injection design enables better
control over reservoir management scenarios towards
improving oil mobilization or displacement schemes or
both.

[0016] FIG. 1is schematic diagram of an arrangement
of wells in a subterranean hydrocarbon reservoir 100.
The hydrocarbon reservoir 100 includes a hydrocarbon-
bearing zone 104 and a water-bearing zone 108 between
two sealed rock formations 110 and 112. As described
later, production and injection wells pass through the rock
formation 110 to access the hydrocarbon-bearing zone
104 and the water-bearing zone 108. Each well described
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in this disclosure can have an open-hole completion or
a cased-hole completion with perforations to permit fluid
flow.

[0017] A production well 102a is formed from a surface
of the reservoir 100 to a hydrocarbon-bearing zone 104
in the reservoir 100. In some implementations, the pro-
duction well 102a has a horizontal wellbore extending
into the hydrocarbon-bearing zone 104. The production
well 102a can be formed using known techniques to form
production wells to a portion of a hydrocarbon-carrying
reservoir. A first injection well 106a is formed from the
surface to afirst depth in a water-bearing zone 108 below
the hydrocarbon-bearing zone 104. A second injection
well 106b is formed from the surface to a second depth
shallower than the first depth in the water-bearing zone
108. In some implementations, each injection well has a
respective horizontal wellbore peripherally extending into
the water-bearing zone 108. The injection wells can be
formed using known techniques to form injection wells
to a portion of a hydrocarbon-carrying reservoir.

[0018] FIG. 2 is a schematic diagram of an arrange-
ment of wells 200 in the subterranean hydrocarbon res-
ervoir 100. The schematic diagram shown in FIG. 2
shows an alternative arrangement of injection wells rel-
ative to that shown in FIG. 1. In the alternative arrange-
ment, a single injection well 202 can be formed from the
surface to the water-bearing zone 108. An injection well
202 includes a first wellbore 204a extending to a first
depth in the water-bearing zone 108. A second lateral
204b can be formed from the injection well 202 to a sec-
ond depth deeper than the first wellbore 204a. The lateral
can be formed using known techniques, for example, by
using a whipstock to drive the second lateral 204b from
the first wellbore 204a. In some implementations, a di-
ameter of the second lateral 204b can be different from,
for example, greater than, that of the first wellbore 204a.
The diameters of the injection wellbores at the different
depths can be determined based onthe pressure require-
ments to create the flow patterns described here. The
injection well 202 can have dual completion with two sep-
arate tubings that could intake separate fluids from the
surface at different pressures through the first wellbore
204a and the second lateral 204b, respectively. In addi-
tion, control can be on the surface to enable different
injection rates through each wellbore.

[0019] FIG. 3is aflowchart of an example of a process
300 for recovering hydrocarbons from a subterranean
hydrocarbon reservoir, for example, the reservoir 100.
At 302, a production well is formed in the reservoir. For
example, the production well 102a is formed from the
surface of the reservoir 100 to the hydrocarbon-bearing
zone 104. At 304, a first injection well is formed to a first
depth in a water-bearing zone below the hydrocarbon-
bearing zone. For example, the injection well 106a is
formed from the surface to a first depth in the water-bear-
ing zone 104. At 306, a second injection well is formed
to a second depth in the water-bearing zone 104. For
example, the injection well 106b is formed from the sur-
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face to a second depth shallower than the first depth in
the water-bearing zone 104. The injection well formed to
a deeper depth can be called the deep injection well and
that formed to a comparatively shallower depth can be
called the shallow injection well.

[0020] At308, injectantofafirsttype is injected through
the deep injection well. At 310, injectant of a second type
is injected through the shallow injection well. The type of
injectant affects the difference in depth between the deep
injection well and the shallow injection well. For example,
the deep injection well is close enough to the shallow
injection well such that the injectant injected through the
deep injection well creates a barrier-like zone below the
shallow injector well. The barrier-like zone prevents the
injectant injected through the shallow injection well from
flowing downward, that is, away from the surface. Con-
sequently, the injectant injected through the shallow in-
jector well flows upward, thereby sweeping the hydrocar-
bons in the hydrocarbon-bearing zone 104 toward the
productionwell 102a. Atthe same time, the deep injection
well is sufficiently far away from the shallow injection well
so that injectant from the deep injection well does not
negatively affect the quality of injectant from the shallow
injection well. For example, the injectant from the deep
injection well should not dilute the injectant from the shal-
low injection well. In some implementations, the differ-
ence in depth between the two injection wells can be
between 60 and 180 meters (200 and 600 feet) with a
pressure difference between 1.4 and 4.1 MPa (200 and
600 pounds per square inch (psi), based on 1 psi/foot).
[0021] The injectant can be flowed through the deep
injection well at an injection rate that forms streamlines
in the water-bearing zone that flows more of the injectant
injected through the shallow injection well towards the
hydrocarbon-bearing zone rather than into the water-
bearing zone. To form the streamlines, the injection pres-
sure of the injectant through the deep well can be greater
than that through the shallow well. For example, the dif-
ference in the injection pressures need not exceed the
formation pressure and can be between 1.4 and 4.1 MPa
(200 and 600 psi). In addition, by forming the injection
wells horizontally at the top of the water-bearing zone
108 and the production well horizontally at the top of the
hydrocarbon-bearing zone 104 allows a bottom-up
sweep in which gravity stabilizes the flow. By selecting
appropriate injectants and by controlling the flow of the
injectants through the injection wells, a quantity of the
injectant lost to the water-bearing zone 108 can be de-
creased while the remaining injectant can be flowed to
create a boundary between the injectant in the shallow
injection well and the water-bearing zone 108 below.
[0022] In one example, the injectant injected into the
deep injection well can be waterflood and the injectant
injected into the shallow injection well can be an EOR
fluid such as a surfactant solution, a polymer solution, a
gel or a combination of them. The surfactant solution re-
duces oil-water interfacial tension, thereby reducing oil
trapping and enabling oil mobilization. The polymer so-
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lution increases viscosity of injected fluid, thereby im-
proving sweep efficiency. Gels block or reduce permea-
bility of thief zones, thereby helping to divert subsequent
fluids to rock matrix. In another example, the injectant
injected into the deep injection well can be low-quality
water, for example, disposal water and the injectant in-
jectedinto the shallow injection well can be comparatively
higher quality water such as low-salinity flood, treated
water or combinations of them.

[0023] In sum, injection wells are formed to different
depths in a water-bearing zone of a subsurface hydro-
carbon reservoir. By flowing different types of injectants
with different flow parameters through the injection wells,
abarrier-like zone is formed between the deeper injection
well and the water-bearing zone below, thereby prevent-
ing loss of the injectant injected through the shallow in-
jection well into the water-bearing zone. Consequently,
more of the injectant flowed through the shallow injection
well flows toward the surface and pushes hydrocarbons
in the hydrocarbon-bearing zone above the water-bear-
ing zone toward the production well. At 312, the hydro-
carbons are produced through the production well. For
example, the hydrocarbons swept by the injectants to-
wards the production well 102b are produced.

[0024] Returning to FIG. 1, in some implementations,
a second production well 102b, which has substantially
similar features as the first production well 102a, is
formed from the surface of the reservoir 100 to the hy-
drocarbon-bearing zone 104 in the reservoir 100. Two
injection wells 106c and 106d, each having substantially
similar features as the first injection well 106a and the
second injection well 106b, respectively, are formed from
the surface of the reservoir 100 to the water-bearing zone
104 in the reservoir 100. The production well 102a and
the two injection wells 106a and 106b can be operated
to implement the EOR techniques described in this dis-
closure. Similarly, the production well 102b and the two
injection wells 106a and 106b can be operated to imple-
ment the EOR techniques described in this disclosure.
Returning to FIG. 2, a single injection well 206 can be
formed instead of two injection wells. Similar to the injec-
tion well 202, the injection well 206 can include a first
wellbore 208a extending to a first depth and a second
lateral 208b extending to a second depth deeper than
the first wellbore 208a, each in the water-bearing zone
108. The production well 102a and the two laterals 204a
and 204b of the injection well 202 can be operated to
implement the EOR techniques described in this disclo-
sure. Similarly, the production well 102b and the two lat-
erals 208a and 208b of the injection well 206 can be
operated to implement the EOR techniques described in
this disclosure.

[0025] In some implementations, the four injection
wells can be spatially arranged relative to each other and
co-operatively operated to enhance production through
both production wells. For example, the deep injection
wells 106a and 106c can be spatially arranged relative
to each other such that the injectant from each deep in-
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jection well flows toward each other and forms a sweep-
ing pattern that flows the injectant upward, that s, toward
the surface. The shallow injection wells 106b and 106d
can be spatially arranged relative to each other such that
the injectant from each shallow injection well is pushed
upward, that is, toward the surface, due to the sweeping
pattern of the injectant flowed through the deep injection
wells.

[0026] Theexampleimplementations of this disclosure
described two injection wells per production well - one
deep injection well and one shallow injection well. Certain
implementations can include more than two injection
wells per production well. Such implementations can in-
clude one shallow injection well and two deep injection
wells, each deep injection well at the same depth from
the surface. Alternatively, such implementations can in-
clude one deep injection well and two shallow injection
wells. In some implementations, a first deep injection well
can be deeper than a second deep injection well, both
of which are deeper than the shallow injection well. A
common feature of all these arrangements is that the
injectant flow parameters through the deepest injection
well (or wells) produces a sweeping pattern that flows
injectantin wells above the deepestinjection well towards
the oil-bearing zone, thereby moving the hydrocarbons
towards the production well and minimizing loss of inject-
ant from the shallower injection wells into the water-bear-
ing zone.

[0027] Insomeimplementations,in athree-dimension-
al view of the reservoir, the number of deeper injectors
to shallow injectors does not have to be at 1:1 ratio. In-
stead, the number of deeper injectors can be sufficient
to ensure that injectants from shallower injectors are al-
ways pushed upwards towards the oil-bearing zone. For
example in one field, the number of deep injectors could
be 30 long horizontal injectors that cover the whole area
of the filed. On the other hand, the number of shallow
injectors could be 60 where they are carefully placed be-
low producers with a smaller reservoir contact than the
deeper injectors.

[0028] Thus, particular implementations of the subject
matter have been described. Other implementations are
within the scope of the following claims.

Claims

1. A hydrocarbon recovery method comprising:
in a subterranean hydrocarbon reservoir (100) com-
prising a hydrocarbon-bearing zone (104) above a
water-bearing zone (108):

injecting (308) a first injectant of a first type into
the water-bearing zone through a first injection
well (106b, 106d, 204a, 208a) formed to a first
depth in the water-bearing zone, the first inject-
ant configured to sweep hydrocarbons in the hy-
drocarbon-bearing zone toward a surface of the
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subterranean hydrocarbon reservoir; and
injecting (310) a second injectant of a second
type different from the first type into the water-
bearing zone through a second injection well
(106a, 106¢c, 204b, 208b) formed to a second
depth deeper than the first depth in the water-
bearing zone, the second injectant injected to
form a fluidic barrier that prevents a portion of
the first injectant that was injected through the
first injection well from flowing downward, away
from the surface.

The method of claim 1, further comprising, by inject-
ing the first injectant and the second injectant, pro-
ducing (312) at least a portion of the hydrocarbons
in the hydrocarbon-bearing zone through a produc-
tion well (102a, 102b) formed from the surface to the
hydrocarbon-bearing zone.

The method of claim 2, further comprising forming
(302) the production well.

The method of claim 3, further comprising:

forming (304) the first injection well from the sur-
face to the first depth in the water-bearing zone;
and

forming (306) the second injection well from the
surface to the second depth in the water-bearing
zone.

The method of claim 4, wherein each of the produc-
tion well, the first injection well and the second injec-
tion well comprises a respective horizontal wellbore.

The method of claim 4, wherein the first injection well
is formed as a lateral of the second injection well.

The method of claim 1, wherein the first injectant
comprises one or more of a surfactant solution, a
polymer solution or a gel, wherein the second inject-
ant comprises waterflood.

The method of claim 1, wherein an injection pressure
of the first injectant into the water-bearing zone is
lesser than an injection pressure of the second in-
jectant into the water-bearing zone.

The hydrocarbon recovery method of claim 1, where-
in:

the method further comprises

forming (302) a production well from a sur-
face of the subterranean hydrocarbon res-
ervoir to the hydrocarbon-bearing zone in
the subterranean hydrocarbon reservoir,

forming (304) the second injection well from
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the surface to the second depthin the water-
bearing zone below the hydrocarbon-bear-
ing zone,

forming (306) the first injection well from the
surface to the first depth shallower than the
second depth in the water-bearing zone,
and

producing (312) at least a portion of the hy-
drocarbons in the hydrocarbon-bearing
zone through the production well; and

the second injectant injected to sweep the first
injectant toward the hydrocarbon-bearing zone.

The method of claim 9, wherein the second injectant
is injected to form flow patterns that prevent flow of
thefirstinjectantaway from the hydrocarbon-bearing
zone.

The method of claim 9, wherein each of the first in-
jection well and the second injection well comprises
a respective horizontal wellbore.

The method of claim 9, wherein the second injectant
comprises waterflood, wherein the first injectant
comprises one or more of a surfactant solution, a
polymer solution or a gel.

The method of claim 9, wherein the second injection
well is formed as a lateral of the first injection well.

The method of claim 9, further comprising:

forming a third injection well from the surface to
the first depth, wherein an outlet of the third in-
jection well faces an outlet of the second injec-
tion well;

forming a fourth injection well from the surface
to the second depth, wherein an outlet of the
fourth injection well faces an outlet of the first
injection well;

injecting the second injectant through the third
injection well;

injecting the first injectant through the fourth in-
jection well, the second injectant injected
through the second well and the third well
sweeping the first injectant and the hydrocar-
bons towards the surface.

The method of claim 9, wherein an injection pressure
of the second injectant into the water-bearing zone
is greater than an injection pressure of the first in-
jectant into the water-bearing zone.

Patentanspriiche

1.

Kohlenwasserstoffforderverfahren, umfassend:
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in einem unterirdischen Kohlenwasserstoffreservoir
(100), das eine kohlenwasserstofffiihrende Zone
(104) Gber einer wasserfihrenden Zone (108) um-
fasst:

Injizieren (308) eines ersten Injektionsmittels ei-
nes ersten Typs in die wasserfiihrende Zone
durch eine erste Injektionsbohrung (106b, 106d,
204a,208a), diezu einerersten Tiefein derwas-
serfuhrenden Zone gebildet ist, wobei das erste
Injektionsmittel dafiir gestaltet ist, Kohlenwas-
serstoffe in der kohlenwasserstofffihrenden Zo-
ne in Richtung zu einer Oberflache des unterir-
dischen Kohlenwasserstoffreservoirs zu trei-
ben; und

Injizieren (310) eines zweiten Injektionsmittels
eines zweiten Typs, dervon dem ersten Typ ver-
schieden ist, in die wasserflihrende Zone durch
eine zweite Injektionsbohrung (106a, 106¢c,
204b, 208b), die zu einer zweiten Tiefe, die tiefer
als die erste Tiefe ist, in der wasserfiihrenden
Zone gebildet ist, wobei das zweite Injektions-
mittel injiziert wird, um eine Fluidsperre zu bil-
den, die verhindert, dass ein Teil des ersten In-
jektionsmittels, das durch die erste Injektions-
bohrung injiziert worden ist, von der Oberflache
weg nach unten flief3t.

Verfahren gemafR Anspruch 1, ferner umfassend,
durch Injizieren des ersten Injektionsmittels und des
zweiten Injektionsmittels, Férdern (312) wenigstens
eines Teils der Kohlenwasserstoffe in der kohlen-
wasserstoffflhrenden Zone durch eine von der
Oberflache zu der kohlenwasserstoffflihrenden Zo-
ne gebildete Férderbohrung (102b, 102b).

Verfahren gemaR Anspruch 2, ferner umfassend Bil-
den (302) der Férderbohrung.

Verfahren gemaR Anspruch 3, ferner umfassend:

Bilden (304) der ersten Injektionsbohrung von
der Oberflache zu der ersten Tiefe in der wass-
erfihrenden Zone; und

Bilden (306) der zweiten Injektionsbohrung von
der Oberflache zu der zweiten Tiefe in der was-
serflhrenden Zone.

Verfahren gemaR Anspruch 4, wobei jede von der
Forderbohrung, der ersten Injektionsbohrung und
der zweiten Injektionsbohrung ein entsprechendes
horizontales Bohrloch umfasst.

Verfahren gemaf Anspruch 4, wobei die erste Injek-
tionsbohrung als ein Seitenarm der zweiten Injekti-

onsbohrung gebildet wird.

Verfahren gemafl Anspruch 1, wobei das erste In-
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jektionsmittel eines oder mehrere von einer Tensid-
I6sung, einer Polymerlésung und einem Gel um-
fasst, wobei das zweite Injektionsmittel Wasserfluss
umfasst.

Verfahren gemafR Anspruch 1, wobei ein Injektions-
druck des ersten Injektionsmittels in die wasserfuh-
rende Zone kleiner als ein Injektionsdruck des zwei-
ten Injektionsmittels in die wasserfliihrende Zone ist.

Kohlenwasserstoffforderverfahren
spruch 1, wobei:

gemall  An-

das Verfahren ferner umfasst:

Bilden (302) einer Férderbohrung von einer
Oberflache des unterirdischen Kohlenwas-
serstoffreservoirs zu der kohlenwasser-
stofffiihrenden Zone in dem unterirdischen
Kohlenwasserstoffreservoir,

Bilden (304) der zweiten Injektionsbohrung
von der Oberflache zu der zweiten Tiefe in
der wasserfihrenden Zone unter der koh-
lenwasserstofffiihrenden Zone,

Bilden (306) der ersten Injektionsbohrung
von der Oberflache zu der ersten Tiefe, die
oberflachennéher als die zweite Tiefe ist, in
der wasserfiihrenden Zone und

Fordern (312) wenigstens eines Teils der
Kohlenwasserstoffe in der kohlenwasser-
stofffiihrenden Zone durch die Férderboh-
rung; und

das zweite Injektionsmittel injiziert wird, um das
erste Injektionsmittel in Richtung zu der kohlen-
wasserstofffihrenden Zone zu treiben.

Verfahren geman Anspruch 9, wobei das zweite In-
jektionsmittel injiziert wird, um Stromungsmuster zu
bilden, die Fluss des ersten Injektionsmittels weg
von der kohlenwasserstofffiihrenden Zone verhin-
dern.

Verfahren gemall Anspruch 9, wobei jede von der
ersten Injektionsbohrung und der zweiten Injektions-
bohrung ein entsprechendes horizontales Bohrloch
umfasst.

Verfahren gemaf Anspruch 9, wobei das zweite In-
jektionsmittel Wasserfluss umfasst, wobei das erste
Injektionsmittel eines oder mehrere von einer Ten-
sidlésung, einer Polymerldsung und einem Gel um-
fasst.

Verfahren gemal Anspruch 9, wobei die zweite In-
jektionsbohrung als ein Seitenarm der ersten Injek-
tionsbohrung gebildet wird.
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14. Verfahren gemaR Anspruch 9, ferner umfassend:

Bilden einer dritten Injektionsbohrung von der
Oberflache zu der ersten Tiefe, wobei ein Aus-
lass der dritten Injektionsbohrung einem Aus-
lass der zweiten Injektionsbohrung gegentiber-
liegt;

Bilden einer vierten Injektionsbohrung von der
Oberflache zu der zweiten Tiefe, wobei ein Aus-
lass der vierten Injektionsbohrung einem Aus-
lass der ersten Injektionsbohrung gegeniiber-
liegt;

Injizieren des zweiten Injektionsmittels durch die
dritte Injektionsbohrung;

Injizieren des ersten Injektionsmittels durch die
vierte Injektionsbohrung, wobei das zweite In-
jektionsmittel, das durch die zweite Bohrungund
die dritte Bohrung injiziert wird, das erste Injek-
tionsmittel und die Kohlenwasserstoffe in Rich-
tung zu der Oberflache treibt.

15. Verfahren gemaR Anspruch 9, wobei ein Injektions-

druck des zweiten Injektionsmittels in die wasserfih-
rende Zone groRer als ein Injektionsdruck des ersten
Injektionsmittels in die wasserflihrende Zone ist.

Revendications

Procédé de
comprenant :
dans un réservoir d’hydrocarbures souterrain (100)
comprenant une zone contenant des hydrocarbures
(104) au-dessus d’'une zone contenant de l'eau
(108) :

récupération  d’hydrocarbures

I'injection (308) d'un premier fluide d’injection
d’un premier type a l'intérieur de la zone conte-
nant de I'eau par un premier puits d’injection
(106b, 106d, 204a, 208a) formé jusqu’a une pre-
miére profondeur dans la zone contenant de
I'eau, le premier fluide d’injection étant configuré
pour emporter des hydrocarbures dans la zone
contenant des hydrocarbures vers une surface
du réservoir d’hydrocarbures souterrain ; et
I'injection (310) d’'un deuxiéme fluide d’injection
d’'un deuxieme type différent du premier type a
I'intérieur de la zone contenant de I'eau par un
deuxieme puits d’injection (106a, 106c, 204b,
208b) formé jusqu’a une deuxieme profondeur
plus profonde que la premiére profondeur dans
la zone contenant de I'’eau, le deuxiéme fluide
d’injection étant injecté pour former une barriere
fluidique qui empéche une partie du premier flui-
de d’injection qui a été injecté par le premier
puits d’'injection de s’écouler vers le bas, loin de
la surface.
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Procédé de la revendication 1, comprenant en outre,
par injection du premier fluide dinjection et du
deuxieéme fluide d’'injection, la production (312) d’au
moins une partie des hydrocarbures dans la zone
contenant des hydrocarbures par un puits de pro-
duction (102a, 102b) formé depuis la surface de la
zone contenant des hydrocarbures.

Procédé de la revendication 2, comprenant en outre
la formation (302) du puits de production.

Procédé de la revendication 3, comprenant en
outre :

la formation (304) du premier puits d’injection
depuis la surface jusqu’a la premiére profondeur
dans la zone contenant de I'eau ; et

la formation (306) du deuxieme puits d’injection
depuis la surface jusqu’a la deuxiéme profon-
deur dans la zone contenant de l'eau.

Procédé de la revendication 4, dans lequel le puits
de production, le premier puits d’injection et le
deuxiéme puits d’injection comprennent chacun un
puits de forage horizontal respectif.

Procédé de larevendication 4, danslequel le premier
puits d’injection est formé comme un puits latéral du
deuxiéme puits d’injection.

Procédé de larevendication 1, danslequel le premier
fluide d’injection comprend un ou plusieurs éléments
parmi une solution de tensioactif, une solution de
polymeére et un gel, dans lequel le deuxiéme fluide
d’injection comprend de I'eau d’injection.

Procédé de larevendication 1, dans lequel une pres-
sion d’injection du premier fluide d’injection dans la
zone contenantde I'eau est inférieure a une pression
d’injection du deuxiéme fluide d’injection dans la zo-
ne contenant de I'eau.

Procédé de récupération d’hydrocarbures de la re-
vendication 1, dans lequel :

le procédé comprend en outre

la formation (302) d’un puits de production
depuis une surface du réservoir d’hydrocar-
bures souterrain jusqu’a la zone contenant
des hydrocarbures dans le réservoir d’hy-
drocarbures souterrain,

la formation (304) du deuxiéme puits d’in-
jection depuis la surface jusqu’a la deuxié-
me profondeur dans la zone contenant de
I'eau sous la zone contenant des hydrocar-
bures,

la formation (306) du premier puits d’injec-

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

tion depuis la surface jusqu’a la premiere
profondeur plus superficielle que la deuxié-
me profondeur dans la zone contenant de
'eau, et

la production (312) d’au moins une partie
des hydrocarbures dans la zone contenant
des hydrocarbures par le puits de
production ; et

le deuxieme fluide d’injection injecté pour em-
porter le premier fluide d’injection vers la zone
contenant des hydrocarbures.

Procédé de larevendication 9, dans lequel le deuxié-
me fluide d’'injection est injecté pour former des mo-
tifs d’écoulement qui empéchent I'écoulement du
premier fluide d’injection loin de la zone contenant
des hydrocarbures.

Procédé de larevendication 9, danslequelle premier
puits d’injection et le deuxiéme puits d’injection com-
prennent chacun un puits de forage horizontal res-
pectif.

Procédé de larevendication 9, dans lequel le deuxié-
me fluide d’injection comprend de I'eau d’injection,
dans lequel le premier fluide d’injection comprend
un ou plusieurs éléments parmi une solution de ten-
sioactif, une solution de polymere et un gel.

Procédé de larevendication 9, dans lequel le deuxié-
me puits d’injection est formé comme un puits latéral
du premier puits d’injection.

Procédé de la revendication 9, comprenant en
outre :

la formation d’un troisi€me puits d’injection de-
puis la surface jusqu’a la premiere profondeur,
une sortie du troisieme puits d’injection étant
tournée vers une sortie du deuxiéme puits
d’injection ;

la formation d’'un quatriéme puits d’injection de-
puis la surface jusqu’a la deuxiéme profondeur,
une sortie du quatrieme puits d’injection étant
tournée vers une sortie du premier puits
d’injection ;

I'injection du deuxiéme fluide d’injection par le
troisieme puits d’injection ;

I'injection du premier fluide d’injection par le qua-
trieme puits d’injection, le deuxieme fluide d’in-
jection injecté par le deuxieéme puits et le troisie-
me puits emportant le premier fluide d’injection
et les hydrocarbures vers la surface.

Procédé de larevendication 9, dans lequel une pres-
sion d’injection du deuxieme fluide d’injection dans
lazone contenantde I'eau est supérieure a une pres-
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sion d’injection du premier fluide d’injection dans la
zone contenant de I'eau.
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